Objective: To study the differences in cognitive status with respect to food habits and energy and nutrient intake in a group of non institutionalised, elderly people. Design: Prospective study. Setting: The study subjects were independently living, elderly people who spent some of their time at day centres in the Comunidad de Madrid (the Madrid region). The study centres were selected by the Madrid City Hall. Subjects: The study included 168 elderly people aged 65-90 y. All accepted the invitation to participate, met all inclusion criteria, and were free of significant cognitive impairment. Interventions: Dietary intake was monitored using a 'food record' for 7 consecutive days including a Sunday. In addition, the 'precise individual weighing' method was used for 5 days in order to monitor the meals taken by the subjects at the centres' canteens. Cognitive capacity was measured using Folstein's mini-mental state examination (MMSE), validated for the Spanish population. Results: Subjects with an adequate cognitive capacity (MMSEZ28) showed a greater intake of total foods, fish, and alcoholic drinks, but took less foods from the 'various' group (chocolates, cakes, etc). These subjects had a more adequate intake of fatty acids and cholesterol, and a greater intake of vitamins implicated in correct brain function (thiamine, folic acid, vitamin C). Conclusions: Subjects with satisfactory intellectual function generally had a better diet. This shows the importance of correct nutrition in its maintenance.
Introduction
Cognitive decline in the elderly can be caused or worsened by nutritional deficiencies (Ortega et al , 1997; Greenwood & Winocur, 1999) . Some group B vitamins, such as folic acid, cyanocobalamine and pyridoxine are essential for correct brain function; inadequate status in these nutrients has been associated with loss of cognitive function (Ortega et al, 1996; Selhub et al, 2000) . In addition, certain dietary antioxidants, such as b-carotene and vitamins C and E potentially protect against cognitive decline by limiting the negative effects of free radicals (Launer & Kalmijn, 1998; Berr et al, 2000; Ortega et al, 2002) . In contrast, high consumption of total fats, saturated fatty acids (SFA) and cholesterol has been associated with increased cholesterolaemia, an increased risk of cardiovascular disease, and impaired intellectual function (Hernando, 2000; Ortega et al, 1996) . Low fish consumption has also been linked to impaired cognitive capacity, possibly because of the role of o-3 polyunsaturated fatty acids in renovating structures of the nervous system (Kalmijn et al, 1997a) .
The aim of the present work was to study the importance of nutrition in the maintenance of cognitive function in a group of elderly people.
Methods
The study subjects were 168 noninstitutionalised elderly people (Z65 y) from the Comunidad de Madrid (the Madrid region) who spent part of their time at day centres (those included in the study were selected by the Madrid City Hall). This study was approved by the Comite´de Investigación de la Facultad de Farmacia (Faculty of Pharmacy Research Committee), Universidad Complutense de Madrid.
Subjects were excluded if they had any disease that might affect their food intake (neoplasms, liver or kidney disease, diabetes, etc), if they took medications that might influence their appetite, if they were trying to gain or lose weight, or if they showed manifest cognitive decline (MMSEo24).
Dietetic study 'Precise individual weighing' of food was performed for 5 days in order to monitor the food consumed at the midday meal, the only meal the subjects took at the centres. A '7 day food record' was also kept, in which subjects noted all the foods they consumed, recording the rations by weight or household measurements (cups, tablespoons, etc) . To make sure that this information was properly recorded, all subjects were instructed on how to fill in the food record, which was later checked in order to clarify any doubts. As a contrast to these results, a 'food frequency questionnaire' was completed, and the clarification of contradictions requested.
The energy and nutrient contents of the foods and drinks consumed were determined using the Instituto of Nutrition's Food Composition Tables (Instituto de Nutricion, 1994) . For fatty acids, the tables used were those of Moreiras et al (2001) . The recommended intakes (RI) of the different nutrients were taken from the ' Table of Recommended Intakes for the Spanish Population' (Departamento de Nutrició n, 1994). True intakes were compared to RIs to judge the adequacy of the diet.
Measurement of cognitive capacity
Folstein's mini-mental state examination (MMSE) (Folstein et al, 1975) , as validated for use in Spain by Lobo and Ezquerra (1979) , was used to test the subjects' cognitive capacity. This is a simple test that is sensitive to moderate cognitive decline, and which measures functions of orientation, memory, calculation, language, etc. Points are awarded between 0 and 35, with 28 or more considered as normal (Lobo & Ezquerra, 1979) .
Statistical study
Means and s.d. are shown. The significance of differences between means was calculated by two-way ANOVA, taking into account MMSE results and age. Differences between proportions were examined using the w 2 test. Linear correlation coefficients between dietary and cognitive data were calculated. Significance was set at Po0.05.
Results
Subjects were grouped according to whether they had satisfactory or unsatisfactory results in their cognitive tests (MMSEZ28 or o28 respectively). Since these test results get worse with advancing age (r ¼ À0.2730; Po0.001), subjects were also grouped with respect to this parameter (either above or below the 75th percentile [74.8 y]). The w 2 test was used to confirm the homogenity of gender distribution between these groups (Tables 1 and 2) . With respect to food consumption (Table 1) , subjects with adequate MMSE scores showed greater intakes of total food, fish, and alcoholic drinks, and lower intakes of 'various' foods (mainly chocolates, cakes, sweets, etc). Subjects with adequate MMSE scores also consumed less lipids and saturated fats (expressed as g/4184 kJ) (Po0.05), monounsaturated fatty acids (MUFAs) and cholesterol (mg/ 4184 kJ) (Po0.1) ( Table 2 ). The intake of thiamine (Po0.1), folates (Po0.05) and vitamin C (Po0.05) was greater in those with adequate MMSE score ( Table 2) .
Discussion
The results obtained are similar to those reported for other groups of elderly people (Ortega et al , 1996 (Ortega et al , , 1997 Huijbregts et al, 1998; Lee et al, 2001 ).
Subjects with adequate MMSE scores (Z28) took more total foods than those who scored o28 (Table 1) . As indicated by other authors, this could be due to a lack of appetite on the part of those with inadequate scores, or because of loss of memory, disorientation, etc (Guyonnet et al, 1998) . Further, those with adequate results consumed significantly more fish (Table 1) , which agrees with other studies that report an inverse relationship between fish consumption and the incidence of dementia (Kalmijn et al, 1997b) . This might be due to the greater quantity of polyunsaturated fatty acids (PUFAs), especially o-3 fatty acids, in the diets of those who consume more fish (Kalmijn 1997b) . Similarly, subjects with adequate cognitive capacity took more alcoholic drinks, although these amounts can be classified as moderate (15.9-52.8 g/day) ( Table 1) . Some authors associate moderate alcohol consumption with better physical and cognitive functions (Ravaglia et al, 1997 ), although it is also possible that those who have poorer health restrict their alcohol intake. Excessive fat intake, especially saturated fats and cholesterol, has been associated with lower cognitive capacity in the elderly (Ortega et al, 1996; Hernando, 2000) . In the present subjects, those with inadequate MMSE scores had diets with more lipid (Po0.05), saturated fatty acid (Po0.05) and cholesterol (Po0.1) than those with adequate scores (Table 2) . Inverse, significant correlations were found between test scores and lipid consumption (g/kJ) (r ¼ À0.1471; Po0.1) and cholesterol (mg/kJ) (r ¼ À0.1957; Po0.05), revealing a more imbalanced dietary pattern in those with inadequate scores.
Subjects with adequate cognitive capacity had greater intakes of folic acid, vitamin C and thiamine. Some authors indicate that folates, pyridoxine and cyanocobalamine are essential for adequate brain function because of their regulation of homocysteine levels and through the synthesis of neurotransmitters (Selhub et al, 2000; Vollset et al, 2001) , while the antioxidant activities of vitamins C and E provide neuroprotection (Berr et al, 2000) . These results coincide with the correlations observed between the test scores and thiamine (r ¼ 0.2332; Po0.01), folic acid (r ¼ 0.1404; po0.1) and vitamin C (r ¼ 0.2176; po0.01) intakes, and indicate that greater intake is associated with better MMSE scores.
Conclusions
Clearly, nutrition plays a decisive role in the maintenance of cognitive capacity. The diets of elderly people should therefore be varied and sufficient in order to avoid nutritional imbalances that could lead to deficits of nutrients essential to correct brain function.
